A systematic investigation of projectile K xray production as a function of target thickness has been conducted for 20-80 MeV CZ ions incident on thin Cu targets. Measured intensities for characteristic x-rays and radiative electron capture (REC) are parametrized according to the model of Betz et al. From the fitting parameters the mean fluorescence yield and the radiative lifetime for K-shell decay for the highly ionized CZ projectiles are determined. The fluorescence yield is found,to increase by a factor of about six over the energy range studied having a value of Xv 0.1 at 20 MeV. The radiative lifetime for K-shell decay is found to be X 3 x 10-14 sec. Parametrization of the REC intensity allows a determination of the REC cross section per K vacancy. The resulting cross sections are in good agreement with the free electron theory of Bethe and Salpeter if it is assumed that each of the "loosely" bound (i.e., Mand N-shell) electrons in Cu contribute equally to the REC process. By combining the results obtained for the characteristic x-rays and REC, the fluorescence yield for K-shell capture events is determined and found to have values in the range (2-4) x 10-3.
Introduction
The dependence of heavy ion induced x-ray production on target thickness has been demonstrated in several recent experiments(l14). These effects have been observed for both target and projectile x-rays although most studies have concentrated on target x-ray production. This dependence has been attributed to the changing fraction of ions with K vacancies at a depth x in the foil since it is found that a projectile with a K vacancy produces a large enhancement in the probability for K vacancy production in the target(2,4). Target thickness effects must be taken into account if quantities of fundamental interest (such as vacancy production cross sections) are to be compared with theoretical predictions.
In the present work we report the results of a systematic investigation of projectile K x-ray production (characteristic x-rays and REC) as a function of target thickness for 20, 40, 60 and 80 MeV CZ ions incident on thin (60-220 vg/cm2) self-supporting Cu targets. This work was conducted at Triangle Universities Nuclear Laboratory using the FN tandem Van x-ray production has been shown to be insensitive to the precise charge state(2,4).
Results
A typical x-ray spectrum for 40 MeV Ck on Cu is shown in Fig. 1 . A 0.0005 -in. aluminum absorber was used to reduce the Ck Ka and KS intensities relative to the REC. Measured x-ray intensities were corrected for detection efficiency and experimental x-ray production cross sections were determined for characteristic x-rays and REC. 
Theoretical Formulation
In order to interpret these results, the data were parametrized according to the model of Betz (1) et al. in which the fraction of ions Y with a K vacancy at a depth x in the foil is given by (1) Y(x) = 0v (1 - the foil and outside the foil must be considered separately. In this analysis we assume that the contribution to the x-ray intensity from metastable states is small so that essentially all x-ray events occur within a distance small enough to be viewed by the detector. Inside the foil the x-ray intensity dNi resulting from an elemental thickness dx of the foil is given by Fig. 6 Table I . Results of least squares analysis using eqs. (4) and (6) Finally, we determine the radiative probability for K-shell capture events. Using the values obtained for w and Ax, the decay cross section a.= Ax/w may be calculated which, in turn, allows the total capture cross section ac = a -ov -aT to be determined.
Using the REC cross sections from the present analysis, the fluorescence yield tor K-shell capture events is given by wREC = OREC/Oc (14) . We find values of X 2-4 x 10-3.
In conclusion we have used the target thickness dependence of heavy ion induced x-ray production to deduce quantities of fundamental interest for highly ionized CQ. We found that projectile x-ray production is greatly enhanced for incident charge states q -Zl -1 and that this enhancement was consistent with a formulation based on the model of Betz et al(l). By parametrizing the measured x-ray intensities as a function of target thickness we have obtained a quantitative description of projectile xray production in heavy ion -atom collisions.
